Trypanosoma musculi, a common blood flagellate found in mice, is similar in morphology and life cycle to the rat trypanosome T. lewisi. Both species belong to the subgenus Herpetosoma and, as T. lewisi has recently been shown to be a zoonotic pathogen, there is concern that T. musculi could also be potentially infective to humans. To test this hypothesis, a well-established method, the normal human serum (NHS) incubation test, was carried out which distinguishes human and non-human infective trypanosomes. We found that T. musculi could grow in 0.31% NHS in vitro, and even kept their infectivity to mice after incubation with 10% NHS for 24 hours. In in vivo experiments, T. musculi were only slightly affected by NHS injection, confirming that it was less sensitive to the NHS than T. b. brucei, but more sensitive than T. lewisi. This resistance probably does not rely on a restricted uptake of ApoL-1.
Introduction
Trypanosoma lewisi is a rat-specific haemoflagellate that is distributed globally.
When a number of human infection cases were reported, T. lewisi was suggested as a potential human pathogen (Lun, et al., 2009 , Truc, et al., 2013 . Currently, experimental evidence demonstrates that this rat trypanosome was resistant to lysis by normal human serum (NHS) and apolipoprotein L-1 (ApoL-1) both in vitro and in vivo and was therefore considered an opportunistic zoonotic trypanosome (Lun, et al., 2015) . However, an important question is whether any other animal trypanosomes are also human infective.
The answer is yes, although it is considered to have occurred by accident. 1998). However, we were interested whether T. musculi, a mouse trypanosome with morphological characteristics similar to those of T. lewisi can naturally infect humans.
Both T. musculi and T. lewisi belong to the subgenus Herpetosoma and they share many biological characteristics. In fact, some human cases infected with trypanosomes have only been identified as T. lewisi-like trypanosomes with the correct species being unknown (Sarataphan, et al., 2007 , Verma, et al., 2011 .
Identification of these trypanosomes were mainly based on morphology and molecular diagnostics (Howie, et al., 2006) . However, previous studies from our lab have shown that it is very difficult to distinguish T. lewisi from T. musculi either by morphological characteristics or by 18S DNA barcoding (Hong, et al., 2017) .
Therefore, whether these cases were caused by T. lewisi or T. musculi infection remains questionable. To address the question of human infection, the use of the NHS trypanolysis assay on T. musculi is the best option.
In fact, resistance to trypanolysis by NHS has long been considered the distinctive feature that can define the human infective trypanosomes from non-human infection species. It has been demonstrated that T. b. gambiense and T. b. rhodesiense, are naturally resistant to lysis by NHS (Capewell, et al., 2013 , De Greef, et al., 1992 , Laveran and Mensnil, 1912 , 1998) . In order to determine the potential risk that T. musculi poses for human infection, we investigated the effect of NHS and ApoL-1 on this rodent trypanosome.
Materials and methods

Animals and Trypanosomes
All mice (Swiss Webster, 20-25 g) and rats (Sprague Dawley, 150-200 g) were purchased from the Center of Experimental Animals for the Guangdong province. In vitro cultured trypanosomes (2×10 5 /ml) were incubated with RPMI-1640 medium complemented with a serial dilution of NHS (10%, 5%, 2.5%, 1.25%, 0.63%, 0.31%, and 0%) at 37°C with 5% CO2. The numbers of trypanosomes were counted using a haemocytometer by microscopy.
After being supplemented with 10% NHS or 10% FBS (control) at 37°C for 24 hours, trypanosomes were then injected into mice intraperitoneally. Parasitemia was monitored daily and parasites were found in all mice on the eighth (FBS) and tenth (NHS) day post-infection.
In vivo assays were also carried out. Each mouse was intraperitoneally inoculated with 1×10 5 T. musculi. The parasitemia usually reached 1×10 6 trypanosomes/ml in 3 days, and then each mouse was i.p. injected with 0.5 ml fresh NHS. Parasitemia was then monitored daily, until sacrificed 30 days later. Each control mouse was treated with 0.5 ml FBS instead of NHS.
ApoL-1 endocytosis
Parasites (5×10 6 ) were incubated in RPMI-1640 medium supplemented with 5%
NHS or FBS at 37°C for 1 hour. All trypanosomes were harvested by centrifugation and washed twice with PBS and analyzed by SDS-PAGE. After electrophoresis, samples were blotted onto PVDF membranes and proteins were detected with an ApoL-1 polyclonal antibody (1:1000 dilution, Proteintech, China), HRP-conjugated 2 nd antibody (Proteintech, China) and the reaction was detected using ECL (Thermofisher, USA).
Statistical analysis
Statistical analysis was performed using SPSS statistical software 10.0 (SPSS Inc, Chicago). The time of disappearance and relapse of parasitaemia in each group was analyzed by one-way-ANOVA, independent sample t test, and paired-sample t test.
For all analyses, p < 0.05 was considered significant.
Results
Firstly, we aligned the 18S rDNA of T. lewisi and T. musculi with the published sequences from human infective T. lewisi-like trypanosomes (Howie, et al., 2006) . We To test the effect of NHS on infectivity of T. musculi (Partinico II strain) in mice, parasites were pre-incubated with both 10% NHS and 10% FBS (control) in vitro for 24 hours and then inoculated into mice, respectively. Parasitemia in the mice inoculated with NHS-treated T. musculi was observed from day 10 to day 25 after inoculation but was delayed by 2-3 days compared with the group of mice inoculated with 10% FBS treated T. musculi. Moreover, in comparison with the T. musculi treated with FBS, a significantly lower parasitemia was observed in the mice inoculated with the T. musculi treated with NHS serum (Fig. 3 ). An in vivo assay was also performed by inoculation of 500 µl NHS into each mouse infected with T.
musculi (Partinico II strain) when the parasitemia of the infected animal reached 2×10 6 trypanosomes/ml. A significantly lower parasitemia was found in the mice inoculated with NHS than those inoculated with FBS, while the duration of the parasitemia was similar (Fig. 4) . These results fall into a similar category which were defined as sub-resistance in previous studies on T. brucei (Hawking, 1976 ).
Unfortunately, we do not have in vivo NHS resistance data for the three T. musculi ATCC strains as they were unable to infect mice. However, our results from the T.
musculi Partinico II strain suggest that T. musculi has a much lower sensitivity to lysis by NHS than T. b. brucei but a higher sensitivity than T. lewisi.
In order to understand the potential mechanism of resistance of T. musculi to NHS, we compared the endocytotic activity of ApoL-1 in these trypanosomes. 
and T. lewisi in vitro.
Trypanosomes (2x10 5 /ml) were incubated with RPMI-1640 medium complemented with a serial dilution of NHS at 37°C with 5% CO2. The numbers of trypanosomes were counted using a haemocytometer by microscopy. Each measurement was performed in triplicate and repeated three times (n = 3). Statistical analysis between these are shown in Table S1 . Infected mice, with a parasitemia of 10 6 trypanosomes/ml, were intraperitoneally injected with 0.5 ml fresh NHS. Parasitemia was then monitored daily (n = 5). Mice inoculated with FBS were used as a control. Parasites in the mice were found two weeks after injection with fresh NHS or FBS, but the parasitemia in the mice inoculated with NHS was found to be lower than those in the control group. Arrows indicate when we were unable to detect a parasitaemia. Significant differences (paired-sample t test) were indicated by asterisks (*, p<0.05; ***, p<0.001). Trypanosomes were incubated with RPMI-1640 medium complemented with a serial dilution of NHS (5%, 2.5%, and 0%) at 37°C with 5% CO2. The numbers of trypanosomes were counted using a haemocytometer by microscopy. Each measurement was performed in triplicate and repeated three times (n = 3). Significant differences (independent-sample t test) of 5% NHS vs 0% NHS and 5% NHS vs 2.5%
NHS were indicated by asterisks (*, p<0.05; **, p<0.01; ***, p<0.001). Significant differences (independent-sample t test) of 0% NHS vs 2.5% NHS were indicated by hash symbols (#, p<0.05; ##, p<0.01; ###, p<0.001). 
